Structure and oxidation-reduction behavior of 1-deaza-FMN flavodoxins: modulation of redox potentials in flavodoxins.
Flavodoxins from Clostridium beijerinckii and from Megasphaera elsdenii with 1-carba-1-deaza-FMN substituted for FMN have been used to study flavin-protein interactions in flavodoxins. The oxidized 1-deaza analogue of FMN binds to apoflavodoxins from M. elsdenii and C. beijerinckii (a.k.a. Clostridium MP) with association constants (Ka) of 1.0 x 10(7) M-1 and 3.1 x 10(6) M-1, values about 10(2) less than the corresponding Ka values for FMN. X-ray structure analysis of oxidized 1-deaza-FMN flavodoxin from C. beijerinckii at 2.5-A resolution shows that the analogue binds with the flavin atoms in the same locations as their equivalents in FMN but that the protein moves in the vicinity of Gly 89 to accommodate the 1-CH group, undergoing displacements which increase the distance between position 1 of the flavin ring and the main-chain atoms of Gly 89 and move the peptide hydrogen of Gly 89 by about 0.6 A. The X-ray analysis implies that protonation of normal flavin at N(1), as would occur in formation of the neutral fully reduced species, would result in a similar structural perturbation. The oxidation-reduction potentials of 1-deaza-FMN flavodoxin from M. elsdenii have been determined in the pH range 4.5-9.2. The oxidized/semiquinone equilibrium (E'0 = -160 mV at pH 7.0) displays a pH dependence of -60 mV per pH unit; the semiquinone/reduced equilibrium (E'0 = -400 mV at pH 7.0) displays a pH dependence of -60 mV per pH unit at low pH and is pH independent at high pH, with a redox-linked pK of 7.4. Spectral changes of fully reduced 1-deaza-FMN flavodoxin with pH suggest that this latter pK corresponds to protonation of the flavin ring system (the pK of free reduced 1-deaza-FMN is 5.6 [Spencer, R., Fisher, J., & Walsh, C. (1977) Biochemistry 16, 3586-3593]. The pK of reduced 1-deaza-FMN flavodoxin provides an estimate of the electrostatic interaction between the protein and the bound prosthetic group; the free energy of binding neutral reduced 1-deaza-FMN is more negative than that for binding the anionic reduced 1-deaza-FMN by 2.4 kcal.(ABSTRACT TRUNCATED AT 250 WORDS)